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(54) Title: POLYMER SYNTHESIZER 

(57) Abstract 

A polymer synthesizer is disclosed 
which has a base on which sits a synthe- 
sis case, a synthesis block, and a means of 
moving the synthesis block and supports 
for a reagent shelf. The synthesis case has 
a loading station, drain station, and a wa- 
ter tolerant reagent area and a water sensi- 
tive reagent dispensing area. The synthe- 
sis case has a cover, a first and a second 
side, a first and a second end, and a bottom 
side which contacts the base. The bottom 
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which there are tracks. A synthesis block 
moves back and forth in the synthesis case 
and has a top face and an opening in the 
top face for a synthesis plate with a plu- 
rality of wells. The synthesis block also 
has a collection area under the synthesis 
plate to drain spent reagents or optionally 
hold a sample plate. The polymer syn- 
thesizer also has a means of moving the 
synthesis block back and forth in the syn- 
thesis case, preferably a pulley, cable and 
motor. The polymer synthesizer also has 
a means of draining the liquid from the 
synthesis plate. A method of synthesizing 
oligonucleotides with the polymer synthe- 
sizer also is disclosed. 
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POLYMER SYNTHESIZER 



TECHNICAL FIELD 
The present invention relates to polymer synthesis. More particularly, the present 
5 invention is an improved apparatus for the robotic synthesis of polymers. 

BACKGROUND OF THE INVENTION 
DNA synthesis is presently performed on automated instruments which are capable of 
concurrently producing multiple DNA segments. Frequently the apparatus uses reaction 

1 0 columns in which a support material for the reaction is positioned within the columns on top 
of inert, porous filters, referred to as frits. The support material generally has a starter 
material bound to the support onto which desired oligonucleotides may be synthesized. The 
reaction columns are placed within the automated apparatus and chemicals are added to the 
columns in sequence in appropriate amounts in an automated fashion. In order to address 

1 5 today's large demand for high throughput oligosynthesis, most automated apparatuses have a 
large footprint and take up a great deal of premium laboratory space. 

Most currently known automated synthesizers can produce only a few 
oligonucleotides at a time, which is limited by the number of reaction columns located within 
the machines. The number of reaction columns is limited as a practical matter by the 

20 increased complexity of the plumbing and valving network, as the number of columns 

increases. In addition, the system must be air tight to avoid contaminating the chemicals with 
air or water and to avoid human exposure to the chemicals. 

U.S. Patent No. 5,368,823 issued November 29, 1994, and U.S. Patent No. 5,541,314 
issued July 30, 1996, address the need for producing a large number of oligonucleotides by 

25_ di^bsing^jng&Q^^ 

valving network is simplified. The patents disclose a system in which there is one supply line 
and one outlet located in the synthesis chamber for the delivery of reagents into the reaction 
columns. The outlet can be positioned above the inlet end of each of the columns so that 
nucleotide reagents, capping reagents, deblocking reagents, wash chemicals, etc. can be 

30 provided to each of the reaction columns. All of the reagents are located in a supply system 
which includes reservoirs and valving to connect the reservoirs with the supply line, A 
flush/prime column is also located within the chamber so that the supply line can be flushed 
and primed between each different chemical reagent addition. A vacuum source, located 
outside of the reaction chamber, is connected to the outlet end of the reaction columns to 
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rapidly draw the chemicals from all columns simultaneously, thus leaving the columns dry 
and ready to receive the next reagent. 

The disclosed apparatus in these two patents provides multiple reaction columns, but 
the single supply line requires flushing and priming between the addition of each reagent. 
These steps are time consuming and waste reagents. Moreover, a large footprint is required 
to accommodate a reaction chamber encompassing a) the moving supply line and b) the 
reaction chambers as well as a vacuum source outside of the reaction chamber. The large 
footprint is a drawback to space-constrained laboratories. 

Another group of patents, U. S. Patent No. 5,472,672 issued December 5, 1995, U.S. 
Patent No. 5,529,756 issued June 25, 1996, and U.S. Patent No. 5,837,858 issued November 
17, 1998, addresses the need for high throughput oligosynthesis by disclosing a polymer 
synthesis apparatus with many stationary supply lines. The patents disclose an apparatus 
with a head assembly with many nozzles, with each nozzle coupled to a reagent reservoir. 
Further, a base assembly has at least one reaction well but can utilize 96-well and other 
plates. A transport mechanism is coupled to the head assembly and/or base assembly to 
produce relative movement between the two. The transport mechanism moves horizontally 
to align a selected reaction well and a selected nozzle to deposit a selected liquid reagent into 
the reaction well for synthesis of a polymer chain. A sliding seal is positioned between the 
head assembly and the base assembly to form a common chamber that encloses both the 
reaction wells and nozzles therein. The seal is constantly being rubbed down by the 
movement of the metal piece back and forth to move the synthesis block. This wearing down 
of the seal results in a less efficient seal. 

What is needed in modern biological research is a robust, compact and efficient high 
throughput system for the synthesis of polymers, specifically oligonucleotides. 



SUMMARY OF THE INVENTION 
A polymer synthesizer is disclosed which has a base on which sits a synthesis case, a 
synthesis block, a means of moving the synthesis block and supports for a reagent shelf. The 
synthesis case has a loading station, drain station, and water-tolerant and water-sensitive 
reagent filling stations. The synthesis case has a cover, a first and a second side, a first and a 
second end, and a bottom side, which contacts the base. The bottom side of the synthesis 
case has a top face in which there are tracks for the synthesis block. A synthesis block moves 
back and forth inside the synthesis case and has a top face and an opening in the top face for a 
synthesis plate with a plurality of wells. The synthesis block also has a collection area under 
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the synthesis plate to drain spent reagents and to optionally accommodate a sample tray. The 
polymer synthesizer also has a means of moving the synthesis block back and forth in the 
synthesis case. The load station has a sealable opening through which a multiwell plate is 
inserted into the synthesis block. The reagent shelf is connected to the upper ends of the 
5 supports, which are capable of supporting a plurality of reagent contains, each reagent 

container having a tube connecting to a gas source which is used to expel a controlled amount 
of reagent from the container. The reagent container also dispense reagent through a tube 
whose other end connects to a valve that has additional tubes connected to multi-channel 
manifolds, which in turn have tubes connecting to nozzle blocks at the aqueous and non- 
1 0 aqueous filling stations. The valves are actuated by the computer to dispense fluid to desired 
wells in the multiwell plate. The polymer synthesizer also has a means of draining the liquid 
from the synthesis plate. The means for moving the synthesis block can include a pulley, 
cable and motor. 

The means for draining liquid from the synthesis plate can include a pressurized gas 
1 5. source, a pressurized gas inlet on the synthesis case, a pressure plate, a support block, a 

diaphragm which forms a seal between the top plate and one side of the pressure plate and the 
support block, a motive means connected to the pressure plate and capable of moving the 
pressure plate up, and at least one sealing gasket to contact and form a seal with the synthesis 
plate. The gas enters through the pressurized gas inlet and presses down the diaphragm, 
20 which in turn lowers the pressure plate and gasket to form a seal over the synthesis block and 
increases pressure above the wells, which expels the liquid contents of the wells. The motive 
means for returning the pressure plate to its original position can be a set of springs. 

An automated method of draining synthesis wells in a polymer synthesizer includes 
the steps of providing the drain station disclosed above, supplying pressurized gas at the 

.25 pressurized-gas-iiUet^creasing^ 

diaphragm, pressing down the diaphragm for contact of the gaskets on the pressure plate with 
the multiwell plate, creating a seal with the multiwell plate, compressing the gasket and the 
space at each well's inlet, and expelling liquid or reagents present in the well from the well 
outlets. 

30 In another embodiment, there is disclosed an automated method for synthesizing 

polymers, specifically oligonucleotides. 

A further understanding of the nature and advantages of the inventions herein may be 
realized by reference to the remaining portions of the specification and the attached drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a color photograph of the polymer synthesizer. 

Figure 2 is a schematic of the valve and manifold system of the polymer synthesizer. 
Figure 3 is a view of the inside of various areas of the polymer synthesizer. 
5 Figure 4 is a detailed view of the synthesis block and shows its relationship to the 

motive means. 

Figure 5 is a schematic of the motive means, typified as a cable drive system. 
Figure 6 is a schematic of the drain station, typified as a positive pressure filtration 
unit and shown at rest. 

1 0 Figure 7 is a schematic of the drain station is shown when positive pressure is applied. 

DETAILED DESCRIPTION OF THE INVENTION 
The disclosed automated polymer synthesizer is more efficient than existing polymer 
synthesizers due to its internal pulley system for moving the reaction wells and internal 

15 pressure station. These features provide a smaller footprint without loss of speed. The 

disclosed apparatus has a stationary seal only on the pressure filtration station. This smaller 
seal in one location is more robust than a large seal surrounding the entire synthesis area. 
The seal is robust and is slow to wear down. 

The synthesis case has a top plate through which nozzles dispensing reagents enter in 

20 one of two sets of spaced-apart nozzle blocks. A synthesis block carrying reaction wells for 
the synthesis of oligos moves back and forth between the two sets of slots and a drain station. 
Each synthesis well has a filter above the well's outlet. The filter density is such that fluids 
are retained in the synthesis wells long enough to allow for synthesis. The filter retains the 
fluid in the well until a pressure differential is applied to force fluid through the filter at the 

.25 — drain^tation.— The^nthesis-block-i^ — 
nozzles) at once. There is no permanent seal between the synthesis plate and the top plate, a 
seal exists between the synthesis block only during the pressure filtration step of synthesis. 
The apparatus is entirely enclosed with a stationary seal between the top plate and the case 
inside which the synthesis block is propelled back and forth. 

30 In operating the apparatus according to a desired sequence of reagent application, 

each of the wells is designated to receive specific reagents. A computer with associated 
electronics and software controls all aspects of the process including the opening and closing 
of valves for the proper time period thereby dispensing the appropriate volume of liquid and 
in correct sequence, the movement of the supply line outlet, the provision of the proper 
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incubation period for each reagent addition to the columns and the evacuation of the columns 
after the incubation period is complete. 

As shown in Figure 1, and beginning at the top, the inventive polymer synthesizer 10 
provides a reagent shelf 1 2 for the various reagents involved in oligosynthesis. This area is 
5 open and easy to reach for preparing for synthesis activity. The reagent shelf 1 2 is held up by 
supports 14. The supports 14 are also fixed to the base 16. The reaction shelf 12 has a 
plurality of holes in which reagent containers 1 8 are placed. The reagent shelf 12, the 
supports 14, and base 16 are preferably made of a nonreactive material such as anodized 
aluminum. There are tubes 20 which connect the reagent containers 1 8 with a pressure 
10 source 1 1 and there are tubes that connect the containers 1 8 with valves at the back of the 
apparatus (not shown) that are connected to mutichannel manifolds 24 which in turn connect 
to the nozzle blocks 1 7 located at the reagent filling stations by another set of tubes 1 9. The 
tubes are preferably made of Teflon® or other minimally reactive flexible material. 

The case 26 has different locations for activities that need to be isolated. The case 26 
1 5 is preferably made of anodized aluminum. Starting at the left end of the case 26, there is a 
load station 28, a filling station for water-tolerant reagents 30, a drain station 32, and a water- 
sensitive filling station 34 for reagents which are sensitive to water and/or air. As shown 
here, the opening 68 in the top of the case accommodates a positive pressure station to cause 
reagents to drain from the synthesis block when it is present in the drain station 32. The side 
20 opening of the drain station 37 permits there to be removal of an optional tray under the 
synthesis block (see Figure 3). Such a tray can obtain spent reagents for analytical tests. 
Argon (not shown) is fed into an opening (not shown) in the case 26 on the side nearest the 
water-sensitive reagent filling station 34 and flows through the case 26 and exits the opposite 
end 27. The argon fills the case and creates an inert environment for synthesis. There are 

_25 — alsoJarge_containers36JoiLholding^ 

Preferably, these containers 36 are located at either end of the case 26 on platforms 23 
located above the base 16, which makes changing solutions more convenient than smaller 
containers on top of the reagent shelf.. 

Figure 2 is a detailed illustration of the delivery of the reagents from the reagent 
30 bottles 1 8 to the synthesis wells 40. There is a Y valve 38 that is on or off depending on 
whether the delivery of a reagent or a solvent is desired. When the Y valve 38 is on, the 
reagent flows through to the multichannel manifold 24. When the Y valve 38 is off, the 
solvent flows through to the multichannel manifold 24. The reagent or solvent can then be 
delivered in the desired amount to synthesis wells 40 through up to eight channels 42 at one 
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time. Each channel 42 is connected to a nozzle on the nozzle block 1 7 through a tube 19 for 
dispensing into each synthesis well 40 located in the synthesis block 44. 

Figure 3 shows a motive means or actuator 46 located on the base (not shown). The 
actuator 46 houses a motor (not shown) and has a mounting plate 48 mounted on the side of 
5 the actuator closest to the elongated case 26. Mounting plate 48 also attaches to a cable 50 
that wraps around two pulleys 52 located at either end of the elongated case 26 creating a 
pulley system. The cable is preferably made out of stainless steel. In this cutaway view, 
cable 50 is seen to run the length of the synthesis case 26. It attaches to the side of the 
synthesis block (not shown) and precisely locates the synthesis block 44 under the reagent 

10 dispensing tips. The synthesis block 44 moves back and forth over tracks 54. The tracks 54 
and the contact points on the synthesis block are preferably made of, or at least coated with, 
Teflon® so that the synthesis block slides smoothly. 

The synthesis block 44 is shown in greater detail in Figure 4. The synthesis block 44 
provides a metal frame 58 to hold a 96-well plate 56. Preferably, the block frame 58 has 

1 5 grooves 60 to permit the 96-well plate 56 to "nest" in the synthesis block 44 for precise 
positioning of the synthesis wells 40. The synthesis block 44 has a collection area 94 
underneath the 96-well plate 56 to drain reagents. In the preferred embodiment shown, the 
collection area 94 also has grooves 62 to accommodate a tray (e.g., a 96-well sample 
collection tray) to collect samples for analysis. After a multiwell plate is "nested" into the 

20 synthesis block 44, a gasket and metal frame are placed on the periphery of the top of the 
synthesis block 44, sealing the multiwell plate 56 into place and enabling the precise loading 
of reagents. This view shows one of the Teflon rails 64 on which the synthesis block 44 
moves like a sled in the track 54. Each synthesis well 40 has an open inlet end 66 and an 
outlet end (not shown). 

_25_ Eac.hjiynth£SLSLW_el^^^ 

material, such as Controlled Pore Glass beads, on which the synthesis of polymers takes 
place. The filters keep the synthesizing polymer from exiting the synthesis wells 40 and have 
a fiber density such that the reaction fluids do not empty unless pressure is applied in the 
drain station 32 (see below). The filters are preferably made of a nonreactive type of 

30 polymer. Positive pressure may be applied above the synthesis wells 40, or negative pressure 
below the synthesis wells may be applied in order to collect the spent reagents. 

Figure 5 schematically shows the preferred pulley system. The actuator 46 or the 
motive means can be attached to the cable 50 or directly connected to one of the pulleys 52. 
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The motive means can be any type of motor, gear, or other apparatus that precisely positions 
the synthesis block 44 to receive reagents. 

The drain station 32 at rest is shown schematically in more detail in Figure 6. The 
presently preferred embodiment provides for the application of positive pressure, although 
5 the station may operate with positive or negative pressure. The portion of the apparatus 

shown in Figure 6 fits into the drain station 32 between the water-sensitive reagent and water- 
tolerant filling stations of Figure 1. A pressurized gas inlet 68, which is valved (not shown) 
and connected to a remote pressure source (not shown), enters the rigid top plate 70 of the 
drain station 32. Below the top plate 70 is a diaphragm 72 which forms a seal between the 
10 top plate and one side of the pressure plate 74 and support block 78. The bottom side of the 
pressure plate 74 is connected to springs 76 that are in turn connected to the support block 78. 
The bottom side of the pressure plate is also connected to at least one sealing gasket 80. 
Located below the sealing gasket 80 is a multiwell plate 56 with a plurality of synthesis wells 
40. 

1 5 Figure 7 illustrates the drain station 32 as gas enters through the pressurized gas inlet 

68. A remote pressure source (not shown) feeds pressurized gas into the gas inlet 68 and 
creates a distensible air space 82, which pushes down the diaphragm 72. The diaphragm 72 
in turn pushes down pressure plate 74 and compresses the springs 76. The bottom face of 
pressure plate 74 has at least one sealing gasket 80 which contact the top face of the synthesis 

20 plate 56 located within synthesis block 44. The sealing gasket 80 forms a seal with the 

synthesis plate 56 so that pressure increases at the synthesis well inlets, and the reagents or 
liquid within the synthesis wells 40 are pushed through the filters 82 and expelled from the • 
synthesis well outlets 84. Then pressure is turned off, and the springs push up the pressure 
plate74 and returns it to its original position until drainage is next needed. In this 

25 configuration, the gasket(s) move straight down and straight up: The gaskets contact the 
synthesis plate 56 with vertical motion. Having a single station for draining of spent liquids 
and reagents allows for a smaller sealing assembly 72 than is required in automated 
synthesizers which drain at a variety of locations and require having a sealing assembly for 
the entire synthesis case. The disclosed drain station leads to a smaller footprint for the 

30 polymer synthesizer than is required for the automated synthesizers referenced above. 

A personal computer (not shown) is used to control the sequence through which 
chemicals are added to synthesis wells 40 to produce the desired oligonucleotide in each well. 
The computer is programmed to control the operation of the valves, the timing of the 
reactions and the movement of the actuator 46, which in turn moves the synthesis block 44, in 
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short, the entire process. Output of the computer is provided through an input/output (I/O) 
board, a relay board, and a power supply. 

In another embodiment, the inventive polymer synthesizer 10 provides a reagent shelf 
12 that is configured to hold the various reagents involved in the synthesis of RNA using a 
5 similar protocol to the one disclosed in the example below. 

In another embodiment, the inventive polymer synthesizer is configured to 
accommodate the synthesis of polypeptide chains. In this particular embodiment, one could 
place resin on top of the filters in the synthesis wells for a support for synthesis. One 
protocol involves anchoring a first amino acid to the resin, preparing a symmetric anhydride 
1 0 of Fmoc amino acid, and then following the procedure for solid phase peptide synthesis using 
Fmoc chemistry. 

In another embodiment, the filter used for the filter 97 is chosen for its slow passage 
of fluid, which permits the fluid to gradually pass the support on which the oligonucleotides 
are synthesized. 

.15 In another embodiment, the filter is utilized as the support on which the 

oligonucleotides are synthesized. 

In another embodiment, the automated polymer synthesizer can be used to create 
polymers other than an oligonucleotide, such as amino acids and RNA. 

In another embodiment, the pulley system moves along bearings. 
20 In another embodiment, the pulley system moves along two low-friction surfaces. 

In another embodiment, the connecting means of the pulley system is a belt. 

In another embodiment, the connecting means of the pulley system is a chain. 

In another embodiment, the motive means of the pulley system is connected directly 
to one of the pulleys. 

25 In-Qthe^embGdimentvthe-case-en^ 

convenient shape. 

In other embodiments, the pressure plate 74 can be moved by a motor, electromagnet 
or other means. 

Materials are chosen for the various components for their performance qualities in the 
30 instrument. For example, gaskets of silicone rubber generally perform well and resist 

corrosion. Many other parts, including the synthesis case and the synthesis block are made 
from anodized aluminum. It has been advantageous to have the cable made of stainless steel. 
Moreover, it is preferable for the tubing for reagent flow to be made of Teflon®, have 
reagent storage in glass bottles and have fluid valve manifolds made of PEEK®. 



WO 00/56445 



9 



PCT/USOO/06913 



Example 1. Synthesis of Oligonucleotides 

The disclosed automated polymer synthesizer can be used for the synthesis of 
oligonucleotides. A multiwell plate is provided with each well 40 containing 30 nanomoles 
5 of Controlled Pore Glass (CPG) beads coated with dimethoxytrityl (DMT) protecting group. 
The multiwell plate is loaded into the synthesis block 44 through an opening in the load 
station 28. The multiwell plate is sealed into the synthesis block by a gasket and metal frame 
placed on the periphery of the top of the synthesis block 44. The motor located within the 
actuator is activated and moves the synthesis block to the water-tolerant filling station 30. 

10 150 nL of Trichloroacetic Acid (TCA) is added into up to 8 wells at one time from a large 
container 36 at the side of the case 26. The TCA travels from the container 36 through a tube 
into a valve connected to an eight-channel manifold 24 with eight tubes extending from the 
manifold to an eight-channel nozzle plate 17. The valve controls how many of the 8 channels 
the TCA is fed into, and the pulley moves the synthesis block 44 and the multiwell plate 

1 5 under the nozzle plate for delivery of the TCA into the desired number of rows of synthesis 
wells 40. (See Figure 2 and detailed description above). The synthesis block 44 is held for 
10 seconds allowing for reaction between the TCA and CPG. The TCA removes the DMT 
protecting group from the CPG. 

The pulley then moves the synthesis block 44 to the drain station 32 for pressure 

20 filtration. Pressure is activated for 3 seconds, and air pressure pushes down the pressure plate 
74, compressing the springs attached to it and exerting pressure on the synthesis wells located 
in the synthesis block 44. The spent solution containing TCA and DMT protecting group 
exits the outlets 84 of the synthesis wells 40. The block remains in place for another second 
while the pressure plate 74 returns to its original position. 

25 IheLpullejLmaves-the-S)^^ 

and repeats the deblocking step by adding another 150 [iL of TCA from large container 36 to 
the desired number of synthesis wells 40. The synthesis block 44 is then moved to the 
pressure station 32 and pressure filtered again for 3 seconds. The multiwell plate is held for 
another second while the pressure plate 74 returns to its original position. 

30 The pulley moves the synthesis block 44 to the water-tolerant filling station 30 and 

dispenses 100 \xL of Acetonitrile (ACN) from a large container 36 located at the end of the 
case 26 into as many wells as is desired, up to eight at one time. The synthesis block 44 is 
then moved to the drain station 32, pressure filtered for 3 seconds, and held for another 
second. These same two steps are repeated, dispensing 200 nL of ACN into the desired 
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number of synthesis wells 40. The same two steps are repeated again dispensing 300 
ACN into the desired number of synthesis wells 40. These three steps efficiently rinse the 
synthesis wells 40. 

The pulley moves the synthesis block 44 to the water-sensitive filling station 34 to 
deliver 26.7 nL of a 450 nM Tetrazole in Acetronitrile (ACN) solution, an activator, from a 
reagent container located above the station 34 to the desired number of synthesis wells 40. 
The pulley then moves each row of synthesis wells 40 to the appropriate base-dispensing 
nozzle plate 17 for the addition of 1,200 nmol of a base into the desired number of synthesis 
wells 40. The synthesis block is held for 45 seconds allowing the base to react with and bind 
to the CPG. The synthesis block is then moved to the drain station 32 for pressure filtration 
for 3 seconds, flushing the spent reagents. The block is held for another second while the 
pressure plate 74 returns to its original position. 

The pulley moves the synthesis block 44 to the water tolerant filling station 30, and 30 
|iL of Cap A and 30 Cap B solution are dispensed into the synthesis wells. This step is 
repeated and the synthesis block is held for 10 seconds to allow a reaction to occur. This 
capping step terminates the unreacted ends of the oligonucleotides from further synthesis. 
The pulley moves the synthesis block 44 to the drain station 32 for pressure filtration for 3 
seconds. The spent Cap A / Cap B solution exits the synthesis wells 40. The block is held 
for 1 second while the pressure plate 74 returns to its original position. 

The pulley moves the synthesis block 44 to the water-tolerant filling station 30 where 
15 |iL of a 20 mM I 2 oxidizing reagent is added to each synthesis well 40 being utilized for 
synthesis. The block is held for 30 seconds allowing for a reaction to occur. The synthesis 
block 44 is moved to the drain station 32 and pressure filtered for 3 seconds, allowing spent 
reagents to exit the synthesis wells 40. The block is held for another second while the 

.pressure-plateLJAreturas-^^ 

The pulley moves the synthesis block 44 to the water-tolerant filling station 30 and 
dispenses 100 fiL of Acetonitrile (ACN) from a large container 36 located at the end of the 
case 26 into as many wells as is desired, up to eight at one time. The synthesis block 44 is 
then moved to the drain station 32, pressure filtered for 3 seconds, and held for another 
second while the pressure plate 74 returns to its original position. These same two 
acetonitrile and filtration steps are repeated dispensing 200 of ACN into the desired 
number of synthesis wells 40. The same two steps are repeated again dispensing 300 jiL 
ACN into the desired number of synthesis wells 40. 
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This second washing step is repeatedly followed by the addition of TCA, pressure 
filtration, the first washing step, the addition of Tetrazole, pressure filtration, the addition of 
desired bases, pressure filtration, addition of Cap A and Cap B, pressure filtration, addition of 
an oxidizing reagent, and pressure filtration. This cycle is repeated for each synthesis well 
5 until the desired oligonucleotides are synthesized. 

It is to be understood that the above description is intended to be illustrative and not 
restrictive. Many embodiments will be apparent to those of skill in the art upon reviewing 
the above description. The scope of the invention should be determined not with reference to 
the above description but should instead be determined with reference to the appended 
1 0 claims, along with the full scope of equivalents to which such claims are entitled. 
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We claim: 

1 . A polymer synthesizing apparatus comprising 

a. a base on which sits a synthesis case, a synthesis block, a means of moving the 
synthesis block and the lower ends of supports for a reagent shelf; 

b. the synthesis case comprising a load station, drain station, an aqueous reagent 
filling station, and a non-aqueous reagent filling station; the synthesis case having a cover, a 
first and a second side, a first and a second end, and a bottom side which contacts the base; 

c. the bottom side of the synthesis case having a top face in which there are 
tracks for the synthesis block; 

d. the synthesis block being capable of moving back and forth on the tracks in 
the synthesis case, the synthesis block having a top face and an opening in the top face for a 
multiwell plate, the synthesis block also having a collection area under the multiwell plate to 
drain spent reagents and to optionally accommodate a sample tray; 

e. a means of moving the synthesis block back and forth on the tracks in the 
synthesis case; 

f. the load station comprising a sealable opening in the synthesis case through 
which a multiwell plate can be inserted into the synthesis block; 

g. a reagent shelf connected to the upper ends of the supports, which is capable 
of supporting a plurality of reagent containers, each reagent container having a tube 
connecting to a gas source, the gas source having the effect of expelling a controlled amount 
of reagent from the container, and a tube for dispensing the reagent, the dispensing tube 
connecting at its other end to valves that have additional tubes connected to multi-channel 
manifolds, which in turn have tubes connecting to nozzle blocks at the aqueous and non- 
aqueous filling stations; 

r h. the valves bein g actuated by the computer to dispense fluid to desired wells in 

the multiwell plate; and 

1. a means of draining liquid from the synthesis plate. 

2. The polymer synthesizer of claim 1 wherein the means of moving the 
synthesis block comprise a pulley, cable and motor. 

3. The polymer synthesizer of claim 1 wherein the means of draining the liquid 
from the synthesis plate comprises a means for applying a positive pressure above the 
synthesis plate to force liquid to drain. 
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4. The polymer synthesizer of claim 1 wherein the means for draining 
the liquid from the synthesis plate comprises: 

a pressurized gas source, 
a pressurized gas inlet on the synthesis case, 
5 a pressure plate, 

a support block, 

a diaphragm which forms a seal between the top plate and one side of the pressure 
plate and the support block, 

a motive means connected to the pressure plate and capable of moving the pressure 
1 0 plate up, 

and at least one sealing gasket to contact and form a seal with the synthesis plate, 
whereby gas enters through the pressurized gas inlet and presses down the diaphragm, 
which in turn lowers the pressure plate and gasket to form a seal over the synthesis block and 
increases pressure above the wells, which expels the liquid contents of the wells. 

15 

5. The draining means of claim 4, wherein the motive means is a set of springs. 

6. An automated method of draining synthesis wells in a polymer synthesizer, 
the method comprising 

a. providing a drain station apparatus, comprising a pressurized gas inlet on a 
synthesis case, a pressure plate, a support block, a diaphragm which forms a seal between the 
top plate and one side of the pressure plate and the support block, a motive means connected 
to the pressure plate and capable of moving the pressure plate up after it is pushed down by 
air pressure, and a plurality of sealing gaskets, 

b^supplying^essurized-gas-at-th^-pressurized-gasinlet, 

c. increasing a distensible space between the pressure plate and diaphragm, 

d. pressing down the diaphragm for contact with the pressure plate with at least one 
gasket connected to it, 

e. the pressure plate and gasket(s) pressing down onto a multiwell plate, 

f. creating a seal with the multiwell plate 

g. compressing the gasket and the space at each well's inlet, and 

h. expelling liquid or reagents present in the well from the well outlets. 



20 
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8. The polymer synthesizer of claim 1 wherein the tracks in the synthesis case 
are Teflon coated. 



9. An automated method for synthesizing polymers, specifically oligonucleotides 
5 comprising: 

a. providing the polymer synthesizer of claim 1 with appropriate reagents; 

b. obtaining a multiwell plate; 

c. placing controlled pore glass beads coated with dimethoxytrityl (DMT) 
protecting group into each well; 

1 0 d. placing the multiwell plate in the synthesizer block and securing the multiwell 

plate therein; 

e. moving the synthesizer block to the water tolerant filling station; 

f. adding trichloroacetic acid (TCA) to any or all 8 wells at a time and briefly 
incubating the mixture; 

1 5 g. moving the synthesis block to the drain station and pressurizing the wells to 

expel the spent reagent; 

h. repeating steps e-g at least once; 

i. moving the synthesizer block to the water tolerant filling station, 

j. adding acetonitrile (ACN) to 8 wells at a time and briefly incubating the 
20 mixture; 

k. moving the synthesis block to the drain station and pressurizing the wells to 
expel the spent reagent; 

1. repeating steps i-k at least once; 

m. moving the synthesizer block to the water-sensitive filling station; 

_25 n addmgietrazQlejn_a^ 

incubating; 

o. moving the synthesis block to the drain station and pressurizing the wells to 
expel the spent reagent; 

p. moving the synthesis block to the water tolerant filling station; 
30 q. adding a solution of Cap A and Cap B and incubating; 

r. moving the synthesis block to the drain station and pressurizing the wells to 
expel the spent reagent; 

s. repeating steps p-r at least once; 
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t. moving the synthesis block to the water-tolerant filling station and adding I2 
oxidizing reagent, incubating, and pressure filtering; 

u. dispensing ACN into the well, pressure filtering, and repeating ACN addition 
and pressure filtering at least once; 

v. repeating steps e-u to add bases until the desired oligonucleotides are 
synthesized; and 

w. adding an appropriate reagent to separate the oligonucleotides from the CPG 
beads, incubating the reaction mixture, and pressure filtering the wells into wells of a smaple 
tray or second multiwell plate placed in the opening lower in the synthesis block. 
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